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DATA SYNCHRCNIZATION DE7IECTKDN METHOD, INFXM1ATI0N 
RECORDING METHOD, AND INPGRMATION REPRODUCTION MEmOD 

BACKGROUND OF TOE INVENTION 



ThB present invention relates to inf ounation 
necjording and xepiroduction technology and in porticolar 
relates to techniques that are effective in ^plication 
to data synchronization detection etc of reproduced data 
in digital data recording/reproduction systems. In more 
,g detail, it relates to a data syncihranization detection 

Qj technique in v*iich the information recording mediim 

m 

M format efficiency is improved by improving data 

m 

synciironizatian and detection performance without 
enplcying the conventional data synchronization signal 

m 

Ji; pattern (that is "no Sync byte" or "Sync byte less"), by 

iirplementing data syndhrcnization by means of the 
frequency of occurrence of a specified pattern in the 
reproduced data* 

Conventional data syncihronizatian detection is 
described below with reference to the drawings. 

Hie conventional method is described taking a 
magnetic disc device as an example. Figure 25 is an 

exanple of the recording format of a magnetic disc device. 
The data are recorded or reproduced in respect of the 
recording mediixn at each sector constituting a vmit 
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storage region, Eeudi sector jrespectively contains a 
PlXLSaSK: region 91 for pulling in a PLL (phase locked 
loop) , a data synchronization signal 92 for detecting the 
start position of DATA 93 and obtaining a decoding timing 
signal of modulated code, DATA 93 of the data region in 
virLch data is actually recorded/reproduced, and, in 
addition, CRC or EOC 94 for error detection and/or 
correction. Betv^een each sector, there is a GAP 95 
constituting a pattern for correctly performing data 
identification of the final data bit and for absorbing 
the various delay times. 

It is wall known that acoirate detection of the data 
synchronization signal 92 mentioned above is esdrrenely 
iirportant in subsequent code demodulation of DATA 93. 
That is, even if the data obtained by code demodulation 
in DATA 93 has an ejctraocdinarlly good nuriber of errors, 
if an error is made in detection of the data 
synchronization signal 92, which is nomally of the order 
of a few bytes, code demodulation of the subsequent DATA 
93 amounting to a few tens to a few hundreds of bytes 
cannot be performed accurately. It is therefore extremely 
important to perform data synchronization correctly. 

For exarrple. Laid-open Japanese Patent Publication 
No. H. 10-255400 discloses an exanple of the constniction 
of data synchronization signal detection means viiereby 
correct data synchronization can be achieved even in the 



event of oocurxenoe of the adverse phenomenon known as TA 
(Hiermal Asperity) , in vftiich waveform fluctuation ocx^jrs 
in the data synchronization' signal 92 due to generation 
of heat vihen the reproduction head collides with the 
magnetic recording median. As an exanple of this format, 
in respect of Figure 25, an arrangement is illustrated in 
wtiicii a second data synctoonizatian signal is 
additionally provided between the above CRC or ECC 94 and 
GAP 95. 

SpeoLf ically, in the prior art of the above 
publication. In the lead channel drcxiit, the ir^t data 
passes throu^ an amplifier and AGC circuit before being 
identiEied by data identification means such as an 
autcmatic equalization type priority detection cinorLt 
and is then si5]plied to an 8/9 decoder that perfocnns code 
demodulation. If, because of TA as mentioned above, the 
first data synchronization signal 92 cannot be correctly 
identified, a second data synchronization signal is 
detected by looiking up identified data stored in the 
memory from GAP 95; from this, the head position of the 
data is found, and data reproduction is perfarmed by 
outputting the identified data stared in the memory to 
code demodulation means sucii as an 8/9 decoder. 

Also, the specification of USP 5, 844, 920 discloses 
a method for performing data synchronization more 




reliably by providing data synchrDnization signals at a 
plurality of locations^ 

SCMIARy OF mE-INVE3m:CN 
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With the conventional method, data synchronization 
can be more reliably performed by providing a data 
synctaonization signal at a plurality of locations. ^ 
Ifcwever, the data syndhtonization signal. is not in itselE 
13 irifdrmation of the user of the magnetic disc device that ^ 

mast be stored on the nagnetic disc device. Consequently, 
incceasing the portions where the data synchronization 
signal is provld ed lowers the so -called format efficiency, 
v*iich es^xcesses the efficiency of utilization of the 
recording mediim by the data. 

Also, as the recording density of information of the 
magnetic disc device -increases , situations vdiich are 
undesirable in regard to data synchronization may be 
imagined, such as instances where the probability of 
occurrence of TA beocnes hi^*, instances vdiere the rate 
of occurrence of defects of the recording median 
(portions vghere correct recording/reproduction of 
information is partially not achieved) beccmes hi^, or 
instances vAiere signal quality is adversely affected by 
noise during data recarding/r^jroduction. Such 
clrcunstances can be coped with by improving the data 



4 



identification perf ornanoe by irnpciofvements in signal 
processing of the data or by imp r o v aients in data error 
correction capability by using error correction code. On 
the other hand, in regard to the data synchronization 
signal, in order to maintain or inprove the detection 
rate of the data synchranization signal, cansideration 
iray be given to incxBasing the regions of the data 
sync±ii:oni25atiQn signal; hcwBver, this tends to lower the 
fornat efficiency, as mentioned above. 

As described above, i± there is an error in the 
detection of a data synchronization signal at the head of 
the data (it is not detected in the correct position or 
is detected in an erroneous position) , there is the 
technical problem that this constitutes not merely a 
detection error in the data syndhronization signal but 
also results in error in all the f oUcwing several 
hundred bytes of code denodulation, thereby severely 
losfrering the overall error rate. 

Aooording to a feature of the present invention, 
detection errors can be reduced v*ien data synctaonizatian 
detection is performed. 

Also, according to a further feature of the present 
invention, detection performanoe in data synchronization 
is inproved in correspondence with iiqprovorent in the 
reproduction perfanranoe of the data section, or by more 
than this. 




In addition, acxx)rding to a further feature. of the 

present invention, the format efficiency- of the 

infonnation-reoording mediun is inproved. 

In addition, acjoording to a further feature of the 

present invention, there can be provided a data 

synchronization detection device with little detection 

error and, furthermore, an information 

recording/reproduction device equipped with this. 
Aooording to the' present invention, data 
t3 synchronization detection is performed using the oode- 

* modulated data itself. Specifically, using a specified 

1^1 bit sequence pattern that is not generated in a specified 

ijl phase of the data codeM>rd, by the conversion law during 

O code modulation (or there is a specified bit sequence 

M' pattern that is generated only in a specified phase of 

O the codeword); tte positions of the data codeword 

partitions are identified by counting specified bit 

patterns generated in the data codeMords at eacii phase 

(bit). 

For this purpose , aooording to the present inven tion, 
a farmat is enployed constituted by ELO_SYNC, DATA, BC3C . 
and GAP as a bundled sector. Ihere is therefore no need 
to arploy a data synchronization signal as conve nticnally, 
and the format efficiency can also be inproved. Also, 
data synchronization can be achieved in the same way at 
any time so long as the identification perf ormanoe of the 
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xepEEoduction data can be ensured, by enploylng repaxxJaced 
identified data. 

Furthermcxre, in order to implement data 
synciiconizatian reliably on reproduction, a specified bit 
sequence pattern nust be included in code modulation and 
scrambler selection is performed in order to ^3ply 
scraiTtoling sucii as to enable recording of data in a 
condition in viiicii data synciironization detection 
perfontance can be guaranteed. 

Mcareover , data position specif ication is also 
possible and for this purpose pattern correlation witti 
the PIXLSYNC section and GAP section is detected. 

BRIEF DESCRIPnCN OF TOE DRAWINGS 

Figure 1 is a djagram illustrating an exartple of the 
constructian of a data reproduction system including data 
synchronization detection means according to an 
entodiment of the present inventions- 
Figure 2 is a diagram illustrating a modified 
exarrple of the construction of a data reproduction system 
including data synchronization detection means according 
to an entoodiment of the present invention; 

Figure 3 is a diagram given in e55)lanatian of the 
principles of operation of data synchronizatian detection 
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means aocording to an entoodlment of the present 
invention; 

Figure 4 is a diagram given in explanation of the 
action of preparatory processing on recording 
corresponding to data synciironization detection means 
according to an entodiment of the present invention; 

Figure 5 is a diagram given in explanation of an 
example of the action of synchronization detection on 
reproduction of data synchronization detection means 
according to an eirbodiment of the present invention; 

Figure 6 is a diagram in given in es^lanation of a 
exatple of a method of data position detection during 
reproduction of data synchronization detection means 
according to an entoodiment of the present invention; 

Figure 7 is a di agraiu given in e5q)lanatian of a 
modified example of a metlxxi of data position detection 
on reproduction of data synchronization detection means 
according to an ernbodiment of the present invention; 

Figure 8 is a di agram given in e}5)lanation of a 
modified exairple of the data position detection method on 
reproduction of data synchronization detection means 
according to an entoodiment of the present invention; 

Figure 9 is a diagram given in e>q)lanation of a 
mcxiif ied exanple of the data position detection method on 
reprodtK^ion of data synchronization detection means 
according to an entoodiment of the present invention; 
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Figure 10 is a diagram given in e35)lanation of a 
nodif ied exartple of a method of data position detection 
on TA detection during reproduction of the data 
syndironization detection means according to an 
embodiment of the present invention; 

Figure 11 is a diagram illustrating an example of 
the internal construction of data syndhronization 
detection means according to an embodiment of the present 
invention; 

Figure 12 is a diagram illustrating a modified 
exanple of the internal construction of data 
syndhronization detection means according to an 
embodiment of the present invention; 

Figure 13 is a diagram illustrating a modified 
exanple of the internal constnxjtian of a bit shift 
circuit employed together with data synchronizatian 
detection means according to an embodiment of the present 
invention; 

Figure 14 is a timing chart illustrating an example 
of the sequence on data recording corresponding to data 
synciiconization detection means according to an 
entoodiment of the present invention; 

Figure 15 is a timing chart illustrating an example 
of the sequence on data reproduction corresponding to 
data synchronizatian detection means according to an 
entxxliment of the present invention; 



Figure 16 Is a timing ciiart Uliistxating a rrocLLfied 
exairple of the sequence on data recording corresponding 
to data syncihronization detection means according to an 
entoodiment of the present invention; 

Figure 17 is a timing chart Illustrating a modified 
exanple of the sequence on data reproduction 
corresponding to data synchronization detection means 
according to an embodiment of the present invention; 

Figure 18 is a diagram giving in e>5)lanation of an 
example of the data f anret and signal waveform on a 
medium corresponding to a data synchronization detection 
technique according to an eirbodiment of the present 
invention; 

Figure 19 is a block di ag ram given in e35)lanatian of 
an example of the ciricuit layout of a negnetic disc 
device vAierein the data synchronization detection 
technique according to an embodiment of the present 
invention has been applied; 

Figure 20 is a block diagram given in e55)lanatian of 
a modified exanple of the cixicuit layout of a magnetic 
disc device to which the data synchronization detection 
technique acconding to an embodiment of the present 
invention has been applied; 

Figure 21 is a block diagram given in ejqplanation of 
a modified exanple of the circuit layout of a nagnetic 
disc device to v-hicii the data synchronization detection 
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technijque acxxjrding to an embodiment of the present 

invention has been applied; 

Figure 22 is a block diayrain given in e5q)lanation of 

an exartple of the overall construction of a negnetic disc 

device to which the data syndhronizatian detection 

technique aodording to an entoodiment of the preset 

invention has been ^plied; 

Figure 23 is a flow chart illiistrating an exairple of 

the action on data recording with the data 

synchrionizatian detection technique according to an 

entoodiment of the presient inventions- 
Figure 24 is a flew chart illustrating an exanple of 

the action on data reproduction with the data 

synchranization detection technique according to an 

entoodiment of the present invention; and 

Figure 25 is a diagram given in explanation of the 

data fonrat layout according to the prior art. 

DESCRIFTICN OF THE FREEmRED EMBODIMEMTS 

An entoodiment of the present invention is described 
in detail belcw with reference to the drawings. 

Figure 18 is a view Illustrating a format etc 
according to the present invention. On nagnetic disc 211 
on vvhich the information is recorded, there are provided 
oanoentric circular tracks 21; in tracks 21 there are 
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sectors 22 constituting the information 
storage/reproduction units. A sector 22 oarprises 
PIXLSYNC 91, DATA 93, BCC 94 and GAP 95. In this case, 
the conventional data synctoonization signal is absent, 
and PLO_SXNC 91 and DATA 93 are adjacent. Hie botton 
portion of this Figure illustrates an exanple of the data 
reproduction waveform frcm the reproduction head. This Is 
the reproduction waveform 23-1 of the front portion of 
sector 22 fron PLO_SYNC 91 to DAIA 93 and the 
reproduction waveform 23-2 of the rear portion of sector 
22 fron BOC 94 to GAP 95. Altbtxi^, to facilitate 
understanding, tte r^xroduction waveform 23-2 viiich is 
here illustrated is a PI£LSYNC form waveform in GAP 95 to 
vAiidi no scrambling has been ^jplied, any desired 
waveform, to \f*n.cih scrarrbling has been ^>plied, could be 
enployed. 

Figure 1 shows an exanple of the construction of a 
data synchronization detection device employed in an 
inf ontation recording and reproduction desvice of a format 
of this form, in vSiidi a data syndhronization signal is 
not used. The input data 11 is ir^t to data 
identification means 1. Data identification means 1 
performs data identification of ir^t data 11 and ir^ts 
the data identification output to serial/parallel 
conversion means 5. Serial/parallel oonversian means 5 
outputs the data identification output with a bit width 
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matcaiing thB cxxte modulation bit v?idth, and respectively 
ir^ts this to memory 2 and data synchronization 
detection means 3, Hie reproduced identified data 
corresponding to PIXLSYNC 91, DATA 93, BCC 94, and GAP 95 
are successively held in memory 2. 

In this enribodiment, data synchronizatiQn detection 
means 3 detects the nuitoer of ocojrxences of a specified 
bit sequence pattern at eadti position, and from this 
result detects the code-modulated codemrd divisions of 
the n^xEDduced data, and outputs this as data phase 
detection output 12. It also finds the correlation 
between the PLO_SYNC pattern of the front part of the 
identified data and the GAP pattern of the rear part of 
the identified data and thereby detects the position of 
the codemrd for \ftihiGh these patterns best coincide, and 
outputs this as the data position detection output 13. 

Martjry 2 inputs the data position detection output 
13 from data synchroni^atian detection means 3; the 
identified data held in memory 2 is output frcm the 
position corresponding to the data starting position and 
is then input to bit shift circuit 4. 

Bit shift ciroiit 4 outputs identified data in 
codeword units by performing bit shift such as to match 
the codemsrd divisions by data phase detection output 12 
su(3plied frcm data synchronizatian detection means 3, and 
ii^ts these to code demodulating means 6. Code 
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dfimcdulating means 6 performs code demodulation 
oorxesponding to the cxde modulation performed during 
information recording, and outputs the result as output 
data 14. 

In order to ea^lain these actions, whether or not a 
specified bit sequence pattern is generated at eadi phase 
in the demcxJolation codeword vd_LL be described using 
Figure 3. Tliis wUl be described taking as an exanple the 
8/9 (0, 4/4) conversion, in vAiich 8-bit data is converted 
to a 9-bit codeword as disclosed in USP 4, 707, 681. In 
the i55)ermost part of Figure 3, nuirbers 1 to 9 Indicating 
the bit width of oode^/^K>rds are set out. Hie oodeM«ord 
divisions are before 1 and between 1 and 9. No. 1 to No. 
9 represent the conditions of each phase in the codeword 
in regard to bit sequence patterns in whicii there are 
three consecutive zero bits, lhat is, the nine phases are 
respectively indicated sucii that No. 1 represents the 
case where the position of the first 0 in a pattern with 
thiree conseoitive zero bits is at the phase of codeword 1 
and No. 2 represents the case where the position of the 
first 0 in a pattern with three consecaitive zero bits is 
at the phase of codewcxcd 2. Since in these codewords a 
succession of four zero bits is permitted, it would in 
principle be esxpectei that no problems would be njnifw^ by 
generation of bit sequence patterns of three consecutive 
zero bits at any location. However, in the oonstruction 
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of t±iese codewords, the number of consecutive zero bits 
at the terminal portions of the codewords is restricted 
to no more than two bits. Consequently, at the position 
of No. 1 \diere three zero bits are represented at the 
front code^ATOrd terminal, and at the position of No. 7, 
where three zero bits are represented at the rear 
codesrord terminal, patterns of three consecutive zero 
bits cannot be generated. Vftiether or not three 
consecutive zero bits can be generated in this vgay is 
Qi indicated for each phase in the ri^t-hand coluni. 
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Likewise, in the case of No. 10 to No. 18, the 
condition of each phase in the codewords is indicated in 
respect of bit sequence patterns in v^hicii there are three 
consecutive zero bits at a one-bit interval. In this case, 
* represents any bit i.e. the bit can be either 0 or 1. 
Hiat is. No. 10 illustrates the case \fAiere the position 
of the first 0 in the pattern wtiere there are three 
consecajtive zero bits at a one-bit interval is at phase 1 
of the codeword and No. 11 illiastrates the case viiere the 
position of the first 0 in the pattern where there are 
three consecaitive zero bits at a one-bit interval is at 
phase 2 of the codeword; these are respectively shown for 
the nine phases. Since this codeword permits four 
consecutive alternate bits to be 0, in principle, it 
would be e3q)ected that bit sequence patterns in which 
three consecutive alternate bits are 0 should be allowed 
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to cxx:iir at any location. However, in the cxDdeword 
cxDnstruction, the nuriber of alternate bits vM.Gh can be 
consecutively 0 is restricted to not more than two bits 
at the co6eMor6. terminals. Hius, at the positions of No. 
10 and No. 11, vihich represent cases \tihere three 
consecutive alternate bits are 0 at the front terminal 
portion of the codeword, and at the positions of No. 13 
and No. 14, viiich represent cases where three consecutive 
alternate bits are 0 at the rear terminal portion of the 
codeword, patterns in whicii three alternate bits are 
consecutively 0 cannot be generated. Whether or not three 
alternate bits whicii are 0 can be consecutively generated 
in this way is indicated for each phase in tl^ ri^t-hand 
colutin. 

Likewise, at No, 19 to No. 27, the conditions of 
each phase in the codes/^ords for bit sequence patterns in 
viiich there are four successive zero bits are indicated. 
Since only four bits can be consecutively 0, the bits at 
both ends will always be 1, so these are represented as 
'100001' . That is. No. 19 illiastrates the case v^iere the 
position of the first 1 in the pattern '100001' is at 
phase 1 of the codeword and No. 20 Illustrates the case 
v*iere the position of the first 1 in the pattern '100001' 
is at phase 2 of the codeword; these ace respectively 
shcmi for the nine phases. Since in these codewords a 
succession of four zero bits is permitted, it would in 
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panncaple be expected that no problems would be caused by 
generation of bit sequence patterns of four consecutive 
zero bits at any location. Itowever, in the oanstnaction 
of these codewords, the nixttoer of consecutive zero bits 
at the terminal portions of the code^rx3s is restricted 
to no mace than two bits. Consequently, at the position 
of No. 26 where three conseaitive zero bits are 
represented at the front codeword terminal, and at the 
position of No. 27, where four consecutive zero bits are 
represented at the front codeword terminal, and at the 
position of No. 24, where three consecutive zero bits are 
represented at the rear codeword terminal, and at the 
position of No. 23, where four consecaitive zero bits are 
represented at the rear codeword terminal, patterns of 
four consecutive zero bits cannot be generated. Whether 
or not four consecutive zero bits can be generated in 
this way is indicated for each phase in the ri^t-hand 
colum. 

Finally, at No. 28 to No. 36, the conditions of each 
phase in the codewords for bit sequence patterns in which 
four alternate bits are successively 0 are indicated. 
Since only four alternate bits can be consecutively 0, 
the bits at both ends will always be 1, so these are 
represented as '1*0*0*0*0*1'. Ihat is. No. 28 illustrates 
the case where the position of the first 1 in the pattern 
'1*0*0*0*0*1' is at phase 1 of the codeword and No. 29 
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illustrates the case where the position of the first 1 in 

the pattern '1*0*0*0*0*1' is at phase 2 of the codeword; 

these are respectively shewn for the nine phases. Since 

in these codewords a succession of four alternate zero 

bits is permitted, it would in principle be esqpected that 

no problems would be caused by generation of bit sequence 

patterns of four alternate zero bits consecutively at any 

location. However, in the constr xjction of these codewords, 

the nuriber of consecutive alternate zero bits at the 

terminal portions of the codewords is restricted to no 

more than two bits. Consequently, at the positions of No. 

33 and No. 34 \fdiere three alternate zero bits are 

consecutively represented at the front codeword tentiinal, 

and at the positions of No. 35 and No. 36, v*iere four 

alternate zero bits are consecutively represented at the 

front codeword terminal, and at the positions of No. 29 

and No. 30, vtere three consecutive zero bits are 

represented at the rear codeword terminal, and at the 

position of No. 28 (No. 36 is ccmnon v?ith the front 

codeword terminal) , v*iere four alternate zero bits are 

consecutively represented at the rear codeword terminal, 

patterns of four alternate zero bits cannot be 

consecutively generated. Whether or not four alternate 

zero bits can be consecutively generated in this way is 

indicated for each phase in the ri^t-hand colimi. 
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Thus, in the case of 8/9 (0, 4/4) conversion, it can 
be seen that there are positions v*iene the four patterns 
•000', '100001', * 0*0*0', and '1*0*0*0*0*1' cannot be 
generated. 

Althou^ hereinabove 8/9 (0, 4/4) conversion was 
taken as an exartple, the same situation arises in the 
case of other code oanversions. Also, this is not 
restricted to cases where the coding factor is 8/9 but 
applies likewise to 16/17 ocsnversion or 32/33 conversion 
O or 64/65 conversion code nodnlation. Alternatively, code 

!^ mo du l at ion can also be achieved choosing special patterns 

iTri and positions where only specific phases are generated, 

J Hj such as to be ^^plied to pattern synchronization 

□ detection according to the prese nt invention. For example, 

regarding the No. 4 pattern and phase, only four such are 
present in 256 codewords, but, by changing the selection 
of ooderords enplqyed, this can be increased to ei^t. 

Next, the data synchronization detection action 
during inf ornation recording will be described using 
Figure 4. An exartple in which data synchronization is 
perf ormed using a pattern in which thcee alternate bits 
which are 0 are consecutively generated for 8/9 (0, 4/4) 
conversion will be described. No. 1 to No. 9 indicate 
respective bit sequence patterns in a modulation codeword 
sequence oorrespanding to No. 17, No. 18, and No. 10 to 
No. 16 of Figure 3. Just as in the case for Figure 3, 
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numerals 1 to 9 represent the bit widths of the codewords, 
and the cxxSeword division is taken between 1 and 9. Also, 
* represents any bit i.e. the bit can be either 0 or 1. 

In the following sequence, the nuiiber of oocxirxences 
of the '0*0*0' bit sequence pattern in each modulation 
codeword phase during recording of inf amation is 

represented by numerical values and a histogram. As shown. 
No. 1 to No. 9 have respective values 20, 37, 0, 0, 24, 0, 
0, 25 and 20. In this case, the bit pattern '0*0*0' is 
not generated at the No. 3, No. 4, No. 6 and No. 7 
positions. Since the division positions of the modolation 
codewords on recording are known, the positions where 
ij^i their values are 0 are fixed. In this oonditian threshold 

□i values are provided for the positions v*iere the values 

are other than 0, that is for the values of No. 1, No. 2, 
No. 5, No. 8 and No. 9, these being determined sucih that 
data synchronization detection on reproduction can be 
achieved. Hie threshold values are values for deciding 
the niirtoer of occurrences of the pattern in each phase, 
and are found statistically: they can be set to values 
that may be chosen at will or can also be altered as 
parameters; the decision conditions may be strictly set 
or may be loosely set. For exanple, if a threshold value 
of 12 is set, there are only the four locations i.e. the 
0 portions, where this threshold value is not exceeded, 
the minlnun value of all tl^ other locations being 20; 

20 
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thus the threshold value is exceeded by at least 8 in ai i 
these cases, so that a sufficient nergin for use is 
provided. IfcwBvear, if the threshold condition is set 
strictly at 21 or more, there are then a total of six 
locations in which the threshold value is not exceeded, 
namely, the four zero portions and the locations No. 1 
and No. 9 where the value is 20; the margin for data 
synchronization detection on reproduction therefore 
beocmes small and it is therefore not possible to use 
such a setting for recording. As will be described later, 
such a situation can be overccme by altering the 
scrarnbler. If the threshold value set is exoessively 
strict, the nvirtoer of scrantoler candidates on recording 
will be increased; if the value set is excessively loose, 
performance on data synchronization detection during 
reproduction will be adversely affected; it should 
therefore be variable in an ^spropriate range of. values. 

The threshold value that is set depends on the 
number of allcwed errors on reproduction; as a practical 
value, about 5 to 10 is satisfactory. There is a risk of 
data synchronization detection beccming inpossible when 
errors occur, either such that the nurtoer of detections 
at the position vhere the error occurs is decreased due 
to the occurrence of an error at the position where this 
bit sequence pattern is present, or such that occurrence 
of an error makes the bit sequence pattern appear at a 
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position vAiere this bit sequencse pattern was not 
genexated. This may h^3pen either when 5 to 10 such 
errors are generated conaentrated in at least a single 
phase or vAien the total of the nurtber of errors generated 
in positions vAiere this bit sequence pattern was present 
and the number of errors generated in positions where 
this bit pattern was not present is 5 to 10. Considering 
the average case, this means that a few tens of errors 
are generated in respect of this bit sequence pattern; 
also, considering that errors are also generated that 
have no connection with the ir^t sequence pattern (i.e. 
are not connected with errors involving either generation 
or loss of the bit sequence pattern '0*0*0'), a nurber of 
errors greater than this will be generated. Hie 
excellence of the data synchronization detection 
performance obtained with the present invention can 
theretoY be appreciated. 

Ihe values in the ri^t-hand colvmn of Figure 4 are 
obtained by arithmetical processing of total values of 
the bit sequence pattern on recording; in this way, 
determination of the threshold value is sinplifled, and 
better perfomence is ensured. Specifically, in the 
method of determination vdiich is illustrated, the values 
are generated by adding up the nunber of occurrences of 
the bit seqijenae pattern at four phases, the locations 
which are zero being counted at a single location, so 
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that the miniitun values other than zero are at or above 
the threshold value, This will now be described 
Slnc3e the values of No. 3, No. 4, No. 6, and No. 7 shown 
in Figure 4 are zero, their stm is also zero and this is 
entered in the position of No. 5. Next, the sun of the 
vali:^ of No. 4, No. 5, No. 7 and No. 8 is 49, and this 
is entered at the position of No. 6. As a result of 
performing this processing nine times, the respective 
values 82, 40, 81, 61, 0, 49, 69, 40 and 82 are entered 
at No. 1 to No. 9. Ihe No. 5 position is always zero, so 
the minimum values other than this may be cotpared with 
the threshold value. In fact, it is sufficient to cotpare 
the threshold value and the values of the positions other 
than No. 5. 

Let us new consider the situation when 40 is 
obtained for the minimLm value at the positions other 
than No. 5. Hiis may be understood as es^xressing the fact 
that the range of setting the threshold value can be made 
wider than in the case described above. Also, cases where 
the result of the determination is that [the mediun] is 
no longer usable (nurber of tiires that scranibler 
selection is repeated on data recording, taking into 
account ease of data synchranization detection on 
reproduction) also decrease. 

In this way, a method of determination v*iereby 
perf onranoe can be further iitproved may be ^plied by 
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first of all finding the values of the nuriber of 
oocurxiences of the bit sequence pattern (ninriber pinesent) 
in the respective phases, then perfouning a calcolation 
utilizing these. Various ^plications are therefore also 
possible ^)art from the method described herein. For 
exanple, it would also be possible to find for each of 
the nine phases, by a similar oatibinatian, the total of 
the locations of the phases vAiere the bit sequence 
patterns of No. 1, No. 2, No. 5, No. 8, and No. 9 are 
present, and to detect modulation codeword division by 
the maxiirun value thereof. In addition, a method is also 
possible in which the difference of the sun of No. 1, No. 
2, No. 5, No. 8 and No. 9 and the sim of No. 
6, and No. 7 is found for each of the nine phases by a 
similar canbination, and modulation codeword division 
detected frcm the location of noxlnun difference. 

Next, the data synchronization detection action in 
thB case of r^xroduction of recorded information will be 
described using Figure 5. In this case also, in the same 
way as in Figure 4, an example of data synchronization is 
described using a pattern '0*0*0' (where * indicates any 
bit i.e. 0 or 1) of three alternative bits whicii are 
consecutively zero for 8/9 (0, 4/4) conversion. 

Tlie first colimn of No. 1 to No. 9 shows the nine 
phases of the patterns of three alternate bits which are 
consecutively zero when performing data synchronization 
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detection. Since this is repcroduction, the correct 
modu lat ion code^/ocd divisions cannot be ascertained until 
data syndiranization detection can be achieved. TTiat is, 
only the bit vdjdth phase corresponding to the irodulation 
codewords v*ien an identified reproduced data bit sequence 
is input is displayed. 'Ris minerals 1 to 9 indicating the 
bit width of the modnlation codewords are listed; the 
interval between 1 and 9 constitutes the partition of the 
modulation code^rds during lr5)ut. 

Hie next colimn indicates the mjriber of occurrences 
of '0*0*0' bit sequence patterns and the phase of eacii 
modulation codeword on reproduction of infanration, as 
the value thereof and a histogram. Hiis shows that No. 1 
to No. 9 respectively have values: 16, 11, 11, 28, 9, 9, 
15, 9 and 9. Data synchronization detection may be 
performed by analyzing this histogram and specifying the 
phase of the modulation codevKDrd. However, in this 
example, data synchronization detection Is dlfficaiLt to 
perform using a threshold value, lhat is. If 9 is chosen 
as the threshold value, the locations that do not exceed 
9 are: No. 5, No . 6, No. 8 and No. 9, and the position No. 
7 can be identified as being the middle bit of the 
codeword. Likewise, if 10 is chosen as the thresihold 
value, the locations that do not exceed 10 are No. 5, No. 
6, No. 8 and No. 9, and the position of No. 7 can be 
identified as being the middle bit of the codeword. 
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Itowever, ±f 11 is selected as the threshold value, the 
locations that do not exceed 11 are No. 2, No. 3, No. 5, 
No. 6, No. 8 and No. 9, and the partition of the codeword 
cannot be identified. Likewise, if 8 is chosen as the 
threshold value, there are no locations that do not 
exceed 8, so the partition of the codeword cannot be 
identified. 

Accordingly, in the following exarrple, the sum of 
the values at four locations is taken, in the sane way as 
O v*ien recording. Hie sun of No. 1, No. 2, No. 4, and No. 5 

•■S^ is 64, and this is entexed at the location of No. 3. Hie 

W 

bt sun of No. 2, No. 3, No. 5, and No. 6 is 40, and this is 

lU 

entered at No. 4. Repeating this process 9 times, for No. 
Q 1 to No. 9, the respective values 40, 64, 64, 40, 63, 61, 

5 

36, 49 and 51 are obtained. Hie miniirun of these is No. 7, 

y « 

O whidi is 36; the modulation codeword partition can 

therefore be specified using this. In the case of Figure 
4, the mlniiajn value corresponds to the middle bit of the 
9-bit modulation codeword; if the same procedure is 
adopted in this case. No. 7 beocmes the middle bit of the 
modulation codenrord; thus the partitioa of the modulation 
codeword should be between 4 and 5 of the bit width phase 
corresponding to the length of the modulation codeword 
vAien inputting the initial bit sequence. In this 
connection a mlxilmLjn value is sou^t: the requirements 
for this are that it should be a single smallest value. 



the dif f erencse between this and the next smallest value 
being at least 1. 

As an example of the case of such repcnoduction, let 
us assure that recording was performed in aooordanoe with 
Figure 4 and that, on reproduction, nine errors occur in 
the pattern relating to all of the phases, these being 
such as to adversely affect the detection condition (i«e. 
such that [the condition] is generated where it ou^t not 
to be generated and is lost where it ou^t to appear) . 
lhat is, this is a situation in which 45 errars have been 
generated. It is found that even in these cincixnstanoes, 
it is possible to correctly detect the partition position 
of the modulation oode^^ords and to obtain good detection 
performance. 

In this way, even on reproduction, it is possible to 
^^ly a nethod of identification whereby perf ornence can 
be further iirproved, ty first of all finding the values 
of the nuriber of occurrences of the bit sequence pattern 
in the respective phases and then perf oimLng calculation 
utilizing these. Various applications other than the 
nethod described up to this point are therefore possible. 
For exairple, a method is also possible in whicJi the sun 
of the bit sequence patterns of No. 1, No. 2, No. 5, No. 
8, and No. 9 present at the locations are found by the 
sane kind of cxunbination for the nine phases and the 
partitions of the modulation codewords detected by the 
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maxinvm value thereof. Furthermoxe, a method is also 
possible in which the difference of the sum of No. 1, No. 
2, No. 5, No. 8 and No. 9 and the sun of No. 3, No. 4, No. 
6, and No. 7 is found for the nine phases by the same 
carbination, and the partitions of the modulated 
cxxaewords are detected f rem the locations vhere the 
difference is an maximim. 

Furthermore, althou^, in Figure 4 and Figure 5, the 
description of an 8/9 (0, 4/4) conversion was given using 
the pattern '0*0*0' (where * indicates an arbitrary bit 
i.e. 0 or 1) in \/«hich three alternate zero bits are 
ift consecutive, as shown in Figure 3, apart frtm this, three 

|R| other types of bit sequence pattern can also be einployed 

Qi for 8/9 (0, 4/4) conversian and it would also be possible 

fi 

1^ y to enplcy respec tive bit sequenc e patterns; alte matively, 

y != ■ 

Q a plurality of patterns could be used in ccntoination. Of 

ccjurse, if the bit sequence patterns employed are 
increased, the scale of the calculation circuitry 
increases, but it is also possible to improve detection 
perfarmanoe. 

Next, a data position detection method will be 
described using Figure 6. The row at the top indicates 
the output of an ML (iroximLm priority decoding means) 
which is the output of data identification. Since at this 
point the partition position of the modulation codeword 
is not kncwn, the partition of PLO_SXNC 91 and DAIIA 93 
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and the partition of the niodulation cxdeword do not 

coincide. Qf cx>urse, in fact, the partition of PLO_SYNC 

91 and DATA 93 is also in an unknown oonditian. Uiis ML 

output is subjected to phase detection for data 

synchronizatian detection to detect the partition of the 

modulation oodeMord. Vftien this is done, the partition 

position of the modulation codeword is ascertained, and 

also coincides with the partition of PUO_SYNC 91 and DASA 

93. Hie assimsd data sequence that is output frcm the bit 

shift circuit in sudi a conditio n is the bit shi ft output. 

In fact, after data position det ection has been perf anted, 

only the data section is output fron the bit shift 

circuit, so, at this point, it may be assimed that output 

is obtained frcm PLO_SYNC 91 up to GAP 95. 

In order to perform data position detection, the 
PIjO_SXNC 91 pattern (kncwn pattern employed vjhen writing) 
and the bit sequence pattern of the bit shift output, and 
pattern of GAP 95 (kncwn pattern employed vtihen writing) 
and the bit sequence pattern of the bit shift output are 
respectively subjected to pattern ccmparisan. This case 
is an example in which ccnparison is effected of amounts 
corresponding respectively to three codewords. Seven 
phases where data position detection is performed are 
illustrated; the way in which this is done is illustrated 
at No. 1 to No. 7. Hie positions vAiere pattern ccnparison 
is effected are positions remote frcm EMA 93 and BOC 94. 
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The nixriber of bits that cxDincide in the respective 

pattern oorparisons is indicated in the ric^t-ha nd border. 

TSiese nurtoers are respectively 47, 49, 51, 54, 49, 47 and 

46 for No. 1 to No. 7. Data position detection is 

perfomied using the maxinun position of the rajtiber of 

bits that coincide obtained by these pattern ccraparison 

results. In this case, this is therefore position No. 4. 

In the exanple of the format of Figure 18, in order 
to facilitate understanding, the pattern of GAP 95 is 
taiken as being the sane pattern as PIDJSYNC 91, but, so 
long as the bit sequence pattern that is written is known, 
it could be any pattern. 

Also, althou^ the itetiiod could be adopted of 
ccnparing each bit in regard to the ML output. If tliis is 
done, due to the condition of the DATA bit sequence 
pattern, identification is difficult to achieve even in 
the vicinity of the correct position. Accordingly, 
detection accuracy can be ensured by enplcying the 
position detection output for data synchronization 
dBtection. 

In this case, in oonfarmity v?ith the entoodiment 
described above, in the example of a 9-bit codeword, in 
the identified data that is stored in memory, it is 
assured that sufficient amounts (a plurality of 
codevrords) are stared in regard to the PLO_Sa«: 91 and 
GAP 95 partions; data position detection for data 
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synchixinizatlon detection is necsessary. However, for 
exarrple viiere, as in 64/65 cxancversion, the modulation 
oode^rd is long, in the case of an arrangement in viiich 
the causes of fluctuation of timing with v*iich identified 
data are stared in manory (for example fluctuation of the 
speed of the motor that rotates the magnetic disc or 
fluctuation of the gate signal for reproducing the data) 
can be restrained to fliK^uations shorter than 65 bits, 
the data position beccxres self-evident from the results 
of phase detection of the data synchronization detection, 
so this is unneoessary. 

Figure 7 shows another data position detection 
method. In this case, for data position detection, , ^>art 
from respective pattern ccnparison of the pattern of 
PLO_SYNC 91 with the bit sequence pattern of the bit 
shift output as well as the pattern of GAP 95 with the 
bit sequence pattern of the bit shift output, pattern 
ccnparison is also perfomned in respect of the DATA 93 
and BCC 94 portions which are iirmediately on the inside 
of these, using the sams pattern as for outside, lliat is, 
the bit sequence pattern of the bit shift output of the 
portion oorrespcnding to DATA 93 is ccnpared with the 
PLOJSXNC pattern and the bit sequence pattern of the bit 
shift output of the portion corresponding to BCC 94 is 
ccnpared with the GAP pattern. These correspond to the 
portions indicated by broken lines in the Figure. In this 
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case, this will be assimed to be the GAP pattern, which 
is of PLO_SYNC pattern form, indicated in Figure 18. Uie 
minber of coinciding bits for the portion outside DMA 
vAiich has been subjected to pattern ccniparison and the 
portion inside this are found, and the difference of 
these is found. Detection aocairacy can be increased 
oonpared with the case of the example illustrated in 
Figure 6 previously, by data position detection using the 
position at which this difference is a maxiitun. In this 
exariple, data position detection was acSiieved at the 
position of No. 3, where the difference is 12. 

lhat is, this is because the difference of the 
result of the determinatian of the solid line portion of 
Figure 7 in which a oorparlson of the nixtiber of 
coincident bits is perf onied between the known PLO_SYNC 
91 and GAP 95 at the interval of the length of DATA 93 
and BOC 94 and the result of the determination of the 
broken line portion, in which a ocraparison of the nunnber 
of coincident bits between the known PLOJSYNC 91 and GAP 
95 is likewise perf ozmed immediately on the inside 
thereof is a maxinum when the ccnparison position of the 
outside, solid line portion coincides with the boundary 
portion of PIXLSYNC 91 and EkATA 93 i.e. at the point 
where the true data position has been detected. 

Figure 8 shows yet another method of data position 
detection. In this case, detection is perfonned using all 
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of the portions outside the DATA 93 and BOC 94 portions 
for data position detection* In this case, caution is 
requiced, since detection perfomianoe is lowered if, as 
the reproduction waveform in the identified data of GAP 
95 stored in memcxry, identified data of a discontinuous 
portion (reproduction wavefarm of a write portion v*iic±i 
is actually discontinuous) are stored. In this case, 
detection performance can be raised by enplcying the 
usable portion of the PI£LSYNC pattern and GAP pattern to 
the maximan limit. In this exannple, since the value of a 
maximLm value of 108 is indicated at position No. 6, data 
position detection is performed at this position. 

Also, in the same way as in Figure 7, pattern 
ccnparison can be perf omied also for the DATA 93 and ECC 
94 portions vAiich are iimediately on the inside of the 
PLO_SXNC pattern and GAP pattern. HrLs case also is a 
situation in ^Aiidi the bit sequence pattern of the bit 
shift output of the portion corresponding to DATA 93 and 
the PLO_SYNC pattern are compared, and the bit sequence 
pattern of the bit shift output of the portion 
oorresponding to BOC 94 and the GAP pattern are oonpared. 
Ihe difference between the ccnparison result of the 
PLOJSYNC pattern and the GAP pattern and the oarparison 
results in respect of the DAXA 93 and BCC 94 portions ney 
then be found, and the location at virLcii this is a 
maximLm used for data position detection. 
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Figure 9 shews yet another data position detection 
method. In this case, PLOJSYNC 96 is provided at sane 
position in DftTA 93 as a data position detection pattern 
for data position detection, and data position detection 
is performed by data conparison of three locations. In 
order to facilitate understanding, the data position 
detection pattern is assumed to be the same pattern as in 
the case of PLO_SXNC 91, but, so long as the written bit 
sequence pattern is kncwn, any type of pattern could be 
enployed. Has may be a pattern sucii as is not generated 
in code modulation. In this exanple, the value of maxinun 
value 54 is indicated at position No. 4, so data position 
detection is performed at this position. Further 
iirprovements may be made in this case, using the same 
concepts as in Figure 7. 

Figure 10 shews a data position detection method in 
the case \f«here TA occurs in front of the sector, in the 
case of the construction of Figure 9. Althou^ TA has 
been referred to here, apart from TA, this could be any 
signal Icmering the detection quality of the repixduction 
waveform, or could be the quality of the decision 
information vghen effecting data identification. The fact 
that TA has occurred in front of the sector is identified 
by means of the TA detection signal; its position is 
within the range of pattern ocnparison with the PI£L.SXNC 
pattern for data position detection, so data position 
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detection is performed ty pattern cxirparison of the 
PIjO_SYNC 96 portion in DATA 93 and pattern oanparison of 
GAP 95, instead of perfarming pattern cxxnparisan with the 
PIjO_SYNC pattern in the header (shewn by the broken line 
in the Figure) . That is, in order to perfonn data 
position detection, pattern oanparison is effected at two 
locations of the three pattern ocnparison locations. In 
this exanrple, a value of the maxlinLin value of 36 is 
indicated at position No. 4, so data position detection 
is performed at this position. In this case also, further 
iinprovements may be added, using the same concept as 
Figure 7. 

Also, in regard to the examples of Figure 6 to 
Figure 8 described above, if lowering of quality of the 
reproduction waveform, due for example to TA, is observed 
at either of the two locations, data position detection 
may be performed at either remaining location. 
Specifically, this is because, since the length of DATA 
93 and BOC 94 when writing is known, the end position can 
be deduced frcm the position of the header side, wtiicii 
has been established (result of oarparlson of the 
PIjO_SYNC pattern); contrariwise, the header can be also 
be deduced from the end position (result of corparison of 
the GAP pattern). 

Rjrthermore, In regard to the point where TA has 
occurred, it may be esj^jected that data Identification 
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results will be producsed departi ng fron the recx) rded data. 
Consequently, data piiase detection perfcxnnanoe C3an be 
ensured by arranging that such portions are not errployed 
as identLEied data for data phase detection in data 
syndhronization detection. 

Figure 11 is a view given in explanation of thB 
construction of data synchranization detection neans 3 
according to the present invention. In general terms, 
data synciuxHiization detection means 3 ocinprises data 
Qj phase detection means 30 that generates a data phase 

detection output 12 and data position detection means 40 

O than generates data position detection output 13. 

fU 

Serial/parallel conversion output 15 is ii^t to data 
syrichronization detection means 3. Serial/parallel 
conversion output 15 is of 9 bit width; the LSB side 

U ii 

pi signal is successively ir^t from the ^CB side to f lip- 

flop 41 to flip-flop 49. It is also ii^t to pattern 
ccnparison circuits 31 to 34 and PI£LSYNC ocnparlson and 
coincident bit count cinarLts 50 to 53. 

In data phase detection means 30, first all pattern 
caiparison cirarLts 31 to 34 ccnpare the SP oanversion 
output data with the pattern '0*0*0' in order for exanple 
to perform the operation of Figure 5. Pattern ocmparison 
circuits 31 to 34 are of the same cirtxiit layout, with 
their ir^t carmection ends being connected as shown in 
the drawing so as to effect a shiJEt of one bit in eacti 
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case* Hie outputs of pattern ocnparison drTOxLts 31 to 34 
are input to count cixcuits 35 to 38. Ttius, v*ien a bit 
sequence pattern is generated, count cixicuits 35 to 38 
sun the nutiber of sucSi occurrences. Uie outputs of count 
circuits 35 to 38 are input to ptiase <tetermination 
ciricuit 39 which detennines the data phase by performing 
calculation for determinatian of the data phase, and 
outputs the detennination result as data phase detection 
output 12. 

In data position detection means 40, first of all 
ccxnparison with the PLO_SYNC pattern is effected by 
PLOJSXNC ccnparlson and coincident bit nixTber count 
cirarLts 50 to 53. The nuttoer of coincident bits is thus 
counted and its value is output. PIjO_SYNC ccmparison and 
coincident bit niniber count circuits 50 to 53 are of the 
same circuit layout, with their input connection ends 
being connected as shewn in the drawing so as to effect a 
shift of one bit in eacti case. The outputs of PLO_SYNC 
corrparison and coincident bit nutiber count circuits 50 to 
53 are input to selector circuit 62 and delay means 54 to 
61. TSie outputs of delay means 54 to 61, del ayed by a 
prescribed value, are input to select circuits 63 to 64. 
One phase of PLOJSXNC conparlsan and coincident bit 
nurber count circuits 50 to 53, delay means 54, 56, 58 
and 64 or delay means 55, 57, 59, 61 is selected and its 
output is ir^xit to switcii 65. Ihe output of swLtcii 65 is 
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calculated by data position deteimLnatian ciixaiits 66, 
and output as data position detection output 13. 

Since in this case it was assured that the GAP 
pattern is the same pattern as the PLO_SYNC pattern 
(shewn by way of example in Figure 18) , the delay means 
54 to 61 are used to associate the output of the PLO_SXNC 
oanparison and coincident bit nariber count clxcuits 50 to 
53 with the respective pattern positions, this output 
being shared. Also, in order to produce the action shown 
in Figure 10, switch 65 is controlled by control signal 
68, such as to make available for vise only the portion 
vAiich is effective for Identification. Control signal 68 
Is generated by control cincuit 67 using the data quality 
signal 69. -?^)art frxxn this, control signal 68 is ir^t to 
data phase detection means 30 and/or delay means 54 to 61 
and/or data position identification circuit 66 to perform 
required operations. 

Figure 13 is a view given in explanation of the 
construction of a bit shift cincxiit 4 according to the 
present invention. Matcry output 17 is ii^t to bit shift 
cincxiit 4. Memory output 17 is input to the LSB bit side 
of flip-flop 85 and parallel shifter 86. Uie output 87 of 
flip-flop 85 is ir^t to the MSB bit side of parallel 
shifter 86. Parallel shifter 86 outputs bit-shifted 
output 18 obtained by shifting the ii^t data by a , 
prescribed value such that output corresponding to the 
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position of the modulation cxx3eword partition can be 
achieved by data phase detection output 12. 

The construction of a further data synchronization 
detection device will now be described using Figure 2. In 
this construction, reduction of the size of the circuitry 
is achieve by serial bit input to data synchronization 
detection means 10. Input data 11 is input to data 
identification means 1. Data identification means 1 
performs data identification of the ii^t data 11 and 
inputs the data identification output to serial/parallel 
conversion means 5 and data synchronization detection 
means 10. Serial/parallel conversion means 5 outputs the 
data identification output with a bit width conforming to 
the code modulation bit width, and ii^juts this to memory 
2. In memory 2 there are successively held identified 
data correspondi ng to the reprod ijoed PIXLSYNC 
EXX: 94, and GAP 95. Data synchronization detection means 
10 detects the niirber of occaarrenoes of a Sfpecified bit 
sequence pattern in earfi phase, and, fron this result, 
detects code-mcxJolated codeword partitions of the 
reproduced data, and outputs the result as data phase 
detection output 12. Also, it finds the correlation 
between the PLO_S!ifNC pattern at the front part of the 
identified data and the GAP pattern at the rear part of 
the identified data, and thereby detects the codeword 
position that best coincides with these patterns, and 
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outputs this as data position detection output 13. The 
data position detection output 13 is ir^t to memory 2 
and identified data stored in memory 2 is output f rem the 
position oorxesponding to the data start position and 
ir^t to bit shift circuit 4. Bit sQilft circuit 4 outputs 
the identified data in code vrord. units after perfarming 
bit shifting in aocordanoe with the data phase detection 
output 12 such that this coincides with the codeword 
partitions; these are then input to code demodulation 
means 6. Code demodulation means 6 performs code 
demcxaulation corresponding to the code modulation that 
was perfocmed on information recording, and outputs the 
result as output data 14. 

Figure 12 is a view given in es^lanation of the 
construction of further data synchronization detection 
means 10. In general terms, data synchronization 
detection means 10 ccnprises data phase detection means 
70 that generates a data phase detection output 12 and 
data position detection means 70A that generates data 
position detection output 13. Data identification output 
16 is ir^xit to data synchronization detection means 10. 
Data identification output 16 is successively input to 
shift registers 76 to 84. Hie outputs of shift registers 
76 to 84 are input to pattern ccmparison circuits 31 and 
PIXLSXNC ccnparison and coincident bit count circuit 50. 
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In data phase detection means 70, fixst of all, 
pattern oonparison carctiit 31 effects ccmparison with the 
pattern '0*0*0' in order for exarrple to iitplenient the 
action of Figure 5. Since, in pattern ccmparison circuit 
31, the data identification output 16 appears shifted by 
one bit at a time with each bit clock, bit sequence 
ccnparisan in each phase can be effected by a single 
cinc^t. Hcwever, operation has to be performed at each 
bit clock. The output of pattern ccnparisan ciccarLt 31 is 
selected and ir^t to count circuits 35 to 38 by 
deftultiplexer 71, Vihen bit sequ^ice patterns are 
generated, count circuits 35 to 38 count the nunber of 
occurrences. The outputs of count circuits 35 to 38 are 
input to phase identification circuit 39, where 
calcaalation is performed for data phase identification; 
data phase identification is thereby carried out and the 
identification results are output as data phase 
identification output 12. 

In data position detection means 70A, first of all, 
PIjO_SXNC ccmparison and coincident bit count circuit 50 
performs ccnparisan with the PLO_SXNC pattern. The nixitoer 
of coincident bits is thus counted and its value is 
output. The output of PLOJSYNC ocnparlson and coincident 
bit count circuit 50 is ii^xit to selection circuit 73, 
delay means 54 and delay means 55. Delay means 54 and 
delay means 55 deliver the output of PLO_SYNC ccnparison 
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and cx>incideint bit count dxcuit 50, delayed by 
parescxibed values, to selection circuit 74 and selection 
cirtxiit 75. Selection circuits 73 to 75 select one •phase 
in accordance with the data phase detection output 12, 
and input the output thereof to svgitch 65. Hie output of 
switch 65 is subjected to calculation processing by data 
position identification ciraoit 66, to detect the data 
position and is then output as data position detection 
output 13. 

Since in this case it was assumed that the GAP 
pattern is the same pattern as the PIOJSyNC pattern 
(shewn by way of exanple in Figure 18) , delay means 54 
and delay means 55 are used to associate tte output of 
the PIO_syNC ccmparison and coincident bit niirber count 
cixorLt 50 with the respective pattern positions, this 
output being shared. Also, in order to produce the action 
shown in Figure 10, switch 65 is controlled by control 
signal 68, such as to make avai 1 able for use only the 
portion which is effective for identification. Control 
signal 68 is generated by control circuit 67 using the 
data quality signal 69. Apart fran this, control signal 
68 is ir^xit to data phase detection means 70 and/or delay 
means 54, delay means 55 and/or data position 
identification circuit 66 to perform required operations. 

Ihe layout of Figure 12 performs a ccmpletely 
equivalent action to that of Figure 11. Althou^ the 
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front stage must operate with the bit clock period, the 
size of the circiiit can be reduced. 

Figure 14 is a view given in e}q)lanation of the 
sequence during inf onnatian recording according to the 
present invention. The write data constituting the 
infarmation that is recan3ed are the PIjO_SXNC, DAIIA, ECXZ 
and GAP; these are delivered from the magnetic disc 
control circuit. Hie gate signal WG for writing is 
respectively associated with these. Also, scrarrtoling is 
applied to the DATA and BOC information by a scrant^ler 
signal for scrantoling the data. As a result, the PLO_SXNC, 



Q scrambled DATA, scrarbled BOC, and GAP are recao3ed on 



the recording mediim. Althou^ in this case the data of 
the GAP section is not scraniDled, if the pattern that is 
written is kncwn, scrantoling could be ^aplied. 

Figure 15 is a view given in ea^lanation of the 
sequence on information reproduction according to the 
present invention. 'Sib PL0_SXNC, DATA, ECC and GAP 
recorded on the inf onnatian recording medium are 
reproduced in carresfpondenoe with the gate signal RG f or 
reading. Signals corresponding to PLOJSYNC, DATA, ECC, 
and GAP appear in the Pre_i^ output, vfcLch is the 
reproduction output of the reproduction head. Signal 
processing is perf armed on this output using a filter or 
equalizer, and data identification is effected by the 
data identification means. Hie output of this Is the ML 
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output,, and this has seme delay frtin the Pr:e_ AMP to 
allcw for data ijc3entification. Data synchronization by 
the data syndhronizatian detection means is perf omed 
conaicrently with storage of the ML output in memory. A 
delay of the order of about one sector is generated for 
data synciironization detection. When data synchronization 
detection is performed reproduced data is output from 
memcoY. Vftiat is output frcm memory is DATA and the BOC. 
Code demodulation and descrarrbling are performed on the 
memory output so that NRZ data is output. The NRZ data is 
subjected to BCX: error oorrection processing to obtain 
DATA vshicih is output as reproduced data. Delay in the 
amount of about one to two sectors is then generated due 
to this BCC error correction processing. 

Figure 19 is a view given in es^lanation of the 
circuit diagram of a magnetic disc device. The circuitry 
of the data system ccrrprlses, in general terms, an HDA 
(H©ad_Disc_Assembly) section 301, signal processing 
section 220, and HEX: (Hard_Disc_Controller) 214 section. 

First of all, the operation of recording information 
will be described. 

Vihen information is recorded, the information to be 
recorded is transferred frcm a supervisory device 202 and 
enters HDC 214. HCC 214 then inputs this thcou^ Host_I/F 
302, and HostJFIPO 303, to Bufferjfenager 31 and 
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scxarriblea: cJieGk: cxrcuits 306 to 307 for scrambler 
identification for data syndhronization detection. 

Hie nutiber of scrarnbleir check circuits depends on 
the nunber of scraiiiblers that are provided as candidate 
scrantolers. An example in vAiicii four are enployed will be 
described. As the scramblers \/*iicai are prosa.ded, for 
example four scramblers are provided, sucii as two 
scramblers of different generation polynonial f ran the 
original values of the scrambler in order to prevent the 
situation of data synctoanization with data after 
scrantoling beocming iirpossible and, in addition, two 
scrantolers with different scrambler initial values, in 
order to arrange for a large Hamnning distance frcm the 
PIXLSYNC pattern v^hen encoding by scranribling the initial 
data, in order to ensure that data position detection is 
performed accurately. In order to perform data position 
detection accurately, it is also possible to forcibly 
write a pattern having a large Harnning distance frcm the 
PLO_SYNC pattern iimBdiately in front of the initial 
data; if this is done, the nurber of scranblers that need 
to be prepared can be reduced. 

Hie results of the scrarnbler cJieck circuits 306 to 
307 are input to the scrarnbler identification circuit 308, 
where the scrambler to be applied is selected, and this 
information is transferred to Buffer_Manager 311. 
Buffer_Manager 311 holds in a data buffer 215 the 
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information that is sent thereto from the siflpervisory 
device 202 and the scxarribler information selected for 
this infoxnation. If infomration recording to magnetic 
disc 211 has been enabled, the infarmaticn that is sent 
thereto from st5)ervisary device 202 and the scrambler 
inf armation selected for this information are transferred 
from data buffer 215 to signal processing section 220 

throu^ Buffer_Manager 311, Disk _FIPD 314, and switcii 316. 
During this process, syndrome generation and CRC 
generation for error correction by syndrome and C3?C 
^ generating cirorlt 317 are performed, and the information 

i3 is ^jpended throu^ switcii 316. 
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Signal processing section 220 uses sGrani>ler 
selection circxiit 326 to select the scram b ler in 
accordance with the scrarrbler information in the 
transferred information, and uses scrambler droait 327 
to perform scrannbling. After this, data encoding etc are 
perfarmed, and the data are transferred to HDA section 
301, for the information to be recorded on nagnetic disc 
211. 

Hie processing during the data recording according 
to the atibodlinent described above is shown by way of 
example in tiie flew chart of Figure 23. 

Next, the operation of reproducing the information 
wLH be described. 
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When reptroducing information, ±f there is a request 
for information reproduction f ran a si:5)ervisory device 
202, and reproduction of information fron magnetic disc 
211 has been enabled, after passing fron magnetic disc 
211 and throucji reproduction magnetic head 212-2, Qiannel 
331 that performs waveform equali-zation etc, and data 
identification means 1, data identification is performed. 
Hie identified data is ir^t to memory 2 and data 
synchronizatian detection means 3, wt^ere data 
synciicanizatian is performed, and the synciironized data 
is output fron bit shift circuit 4 and, after being 
subjected to code demodulatian by code demodulation means 
6, the data is transferred to HDC 214. 

HDC 214 inputs the transferred data to memory 321 
and desarartiblers 319 to 320. Tar^ese descranriblers 
correspond to the scrarrbler check circuits 306 to 307 
v*ien recording, and are of the sanre nurber. ^ndrome 
calculation for error correction is perf oimed by syn dr ane 
calculating circuits 323 to 324 in aooarxSanoe vd.th the 
data desccambled by descramblers 319 to 320. 

Ihe syndrane calcailation circuits also matcii the 
nuTiber of descramblers. Using the outputs of syndrome 
calculation circuits 323 to 324 which perform syndrane 
calculation, a descrant>ler is decided upon by using the 
descraiTtoler determination circuit 325 to determine the 
respective nuitter of errors and thus to decide which of 
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these has the smallest nurtoer of errors. If there is 
nothing that is capablB Of error correction, an error 
that is inc^)able of correction by any means is deemed to 
have occurred and the fact that an uncorrectable error 
has occurred is reported throu^ WCS 313 etc that 
controls the recording and reproduction operation, so 
that the necessary action, such as retrying, can be 
performed. Errors of a range that is capable of 
correction will new be described. 

Descrarabler circuit 322 selects a de-scrantoler in 
accordance with the descrant>ler information determined by 
descrantoler determinatian circarLt 325 and descrannbles the 
data fron memory 321. Using the desGrarribled data and 
error information fron descrambler determinatian circuit 
325, error correction circuit 318 corrects data errors 
and, passing the data throu^ Disk_FIPO 314 and 
Buffer_Manager 311, temporarily stares the data in data 
buffer 215. 

If data transfer to the supervisory device 202 has 
been enabled, data transfer to sqpervisory device 202 is 
effected fron data buffer 215 throu^ Buffer_Manager 311, 
Host_FIPO 303, and Host_I/F 302. 

An exannple of data reproduction processing in 
accordance with the enixxliinent described above is 
illustrated in the flew chart of Figure 24. 
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Figure 20 is a diagr a m illustrating an exarrple of 
the circuit layout in a magnetic disc device according to 
a modified exarrple. In the exarrple of Figure 19, the 
canstruction was such that a descrarnbler was selected for 
v*iidi the nimber of errors was a ininiirun, by error 
oarrection syndrome calculation. In the canstruction of 
the modified exarrple of this Figure 20/ the advantage is 
obtained that error correction during reproduction can be 
performed independently of a descrarribler by generating 
error correction syndromes for scrarrtoled data. In general 
terms, the data system circuitry ccnprises an HDA section 
301, signal processing section 220, and a HDC 
(HardJDiskjCtootroller) 214 section. 

Hie operation of recording inf armation will new be 
described. 

When infomnation is to be reoorxaed, information to 
be recorded is transferred from stpervisory device 202 
and enters HDC 214. In HDC 214, ii^t is performed 
throu^ Host_I/F 302, HostJFTFO 303 to Buffer_Manager 311 
and scrarrbler c±)e<^ circuits 306 to 307 for deciding on a 
scrantoler for data synchronization detection. 

scrarrbler ciieck ciroiits are as described above, 
in accordance with the nurriber of scramblers prepared as 
candidate scrsrnblers. 

Uie results of the scrarriDler check circuits 306 to 
307 are input to scraniDler determination circuit 308 when 
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the serartibler to be ^pJJLed is selected, and this 
information is transferxed to Buffer_Manager 311. 
Bufferjfenager 311 holds in data buffer 215 information 
sent fron supervisory devic3e 202 and the scxarrbler 
infonnation that is selected by this infomatian. If 
recording of information on magnetic disc 211 has beccme 
enabled, the information arriving from SLpervisory device 
202 and the scnarrbler information selected by this 
information are transferred frcm data buffer 215 throu^ 
Buffer_Manager* 311, DiskJFTPO 314, switch 332, scrambler 
circuit 327, and switcii 316 to signal processing section 
220. Scrambler selection of scrambler circxiit 327 is 
perf omed by scrarrtoler selection circuit 326 in 
accordance with the scrantoler inf amation in the incoming 
information. Also, en route, CRC generation is performed 
by CRC generating circuit 334, so that this can be input 
to scraiTbler circuit 327 by switch 332. Scrarrbling is 
performed on the CRC that has been added to the data by 
syndrcme generating circuit 333, so that this can be 
transferred to signal processing section 220 by switch 
316. 

Signal processing section 220 performs data encoding 
etc. before transferrijig the data to HDA section 301, 
viiere the information is recorded on magnetic disc 211. 

Next, the operation of inforrTQ.ticn reproduction will 
be described. 
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In repaxxaucing infonnation, if thexe is a request 
for information repEtoduction from supervisory device 202 
and repEFoduction of information f ran magnetic disc 211 is 
enabled, data identification is performed frcm magnetic 
disc 211 throQ^ reproduction magnetic head 211-2, 
Channel 331 that performs waveform equalization etc, and 
data identification means 1. Uie identified data is ir^aut 
to memory 2 and data synciibonization detection means 3 
v*iere data synchronisation is performed and the 
synchronized data is output fran bit shift circuit 4 and 
code demodulated data is transferred to HDC 214 by code 
demodulation means 6. 

HDC 214 ir^ts the inocming data to discJTPO 314, 
syndrcme calculation circuit 337 and descramblers 319 to 
320. The data that is ir^t to disc_FIPO 314 passes 
throu^ Buf fer_Manager 313 and the data is then 
temporarily held in data buffer 215. Syndrtxre calculation 
circarLt 337 perf onns syndrcme calailation and error 
carrection calculation based on this; if there is an 
error, the data in the data buffer 215 is corrected 
throu^ Bufferjfenager 311. The descrarrtoler descrarrbles 
the reproduced data. Ite result is input to CRC ciieclc 
circuits 335 to 336 and the CRC calcxLLation result after 
oorrection is found frcm the error inf omation found by 
CRC calculation and syndrcme calculation circuit 337. 
This result is input to the scranbler determination 
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cixcuit so that a C3^ calculation result vd-thout error is 
selected for descrairbling. Hiese scrairblers oorresfpond to 
the scr a mbler ciheck dxcuits 306 to 307 on recording and 
are the same in nuriber ais In the previous exairple. If 
ecrors cannot be eliminated by the CE^C calculation, an 
error that is incapable of correction by any means is 
deemed to have occurred and this is reported throucfi WCS 
313 etc that controls the recording and reproduction 

operation, so that the necessary action, such as retrying, 
can be perfounBd. Errors of a range that is capable of 
correction will new be described. 

The descrambler information that has beoi found is 
held in data buffer 215 together with the data, after 
passing throu^ Buffer_Manager 311. 

If data transfer to a SL^jervisory device 202 is 
enabled, data and descraiTtoler infornation are read frcm 
data buffer 215 throu^ Buffer_Manager 311, as a result 
of vihich desdiarrbler selection circuit 309 selects a 
descrarribler of descrarrtoler circuit 310 and executes 
descrantoling; data transfer to stpervisary device 202 is 
then performed throu^ Host_FIFO 303 and Host_I/F 302. 

Figure 21 is a diagLcU ti Illustrating the clrorLt 
layout in a iragnetic disc device according to yet to a 
further mcxUfied exarrple according to this enixxUment. 

In the exanple of Figure 20, a canstnxrrtian was 
adopted In which reliable data error correction was 
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achieved by error oorxection syndrcms calculation being 
perfomed on the scrambled data. In addition, in this 
case, the construction is sucii that error corxection and 
descxambliag can be more reliably performed by, in the 
event of data recording, reoanlLng together with the 
scrantoler infomiation on a magnetic disc 211 constituting 
the information recording mediim and, in the event of 
data reproduction, also reproducing the scrantoler 
information together with the data. H^e circuitry of the 
data system ccnprises, in gmeral terms, an HDA section 
301, signal processing section 220, and HDC 
(Htod_Disc_Cantroller) 214 section. 

First of all, the action on infoniELtian recording 
win be described. 

The circuit construction and action on information 
recording are the same as in the case of Figure 20. 
However, v*ien selection of the scrantoler of scrantoler 
circuit 327 is performed by scrantoler selection circuit 
326 in accordance with the scrantoler infarmation, all of 
the scrantoler information without exception is 
transferred to the signal processing section 220. 
Furthermore, signal processing section 220 transfers the 
scrantoler information to HDA section 301 together with 
the data and records it on magnetic disc 211. 

Nesct, the action on Information r^nnoduction will be 
described. 
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Vftien repaxxauclng infarmation, if there is a request 
for inf coination reproduction f ran a supervisory device 
202, and reptroduction of infomation frcm nagnetic disc 
211 has teen enabled, after passing frcm magnetic disc 
211 and throu^ reproduction magnetic head 212-2, Qiannel 
331 that performs waveform equalization etc, and data 
identification means 1, data identification is performed. 
Hie identified data includes the previously recorded 
scrambler infonnatian. The identified data is ir^t to 
memory 2 and data synchronization detection means 3, 
Vihere data syndhrcnization is performed, and the 
synchronized data is output frcm bit shift circuit 4 and, 
after being subjected to code demodulation by code 
demodulation means 6, the data is transferred to HOC 214, 

HOC 214 ii^wts the transferred data to Disk_FIPO 314, 
syndrcne calculation circuit 337 and descramblers 319 to 
320. The data that has been ir^t to Disk_FIFO 314 passes 
throu^ Buffer_Manager 311 and is tenporarily held in 
data buffer 215. The data that is tenporarily held in 
data buffer 215 also includes scrambler infarmation. 
Syndrcme calorLaticn circuit 337 performs syn d rcme 
calcxilatlon and error correction calculation based on 
this, and, if errors are present, corrects the data in 
data buffer 215, throusJi Bufferjianager 311. 

Descxant>ler(l) 319 to Descrambler(n) 320 descrariDle 
the reproduced data. The result of this is ii^t to CRC 
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check cixcuits 335 to 336 and the corrected CRC 
calculation result is found f rem the CRC calculation and 
the error information found by syndrone calculation 
ciCTCuit 337. Hiis result is input to error correction 
decision circuit 339, v*iich decides vAiether the error 
correction processing was correct or not. If an error is 
present, the fact that an uncorrectable error has 
ocojrred is reported througfi WCS 313 etc that controls 
the recording and reproduction operation, so that the 
necessary action, sucii as retrying, can be perfanred. Uie 
processing in descxantolers 319 to 320, CE^C ciieck circuits 
335 to 336, and error correction decision ciraiit 339 is 
arranged and operates in this way, in order to effect 
inmediate detection of the presence of errors in the 
reproduced information. If there is sufficient margin in 
tenns of time and circuitry for such processing, it is 
also possible to identify the presence of mis-corxection 
in the error correction by using the reproduced scrambler 
information to perform descranntbling on the error- 
corrected data, before performing CRC calculation 
processing. 

If data transfer to the supervisory device 202 has 
been enabled, data and descra mb ler infanration are read 
throu^ Buffer_Manager 311 fron data buffer 215, and a 
descrarnbler of descrantoler circuit 310 is selected by 
descrarbler selection circuit 309, and descrani3ling is 
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perfoimed; data transfer is then effected to supervisory 
device 202 throucji Hbst_JTPO 303 and Hbst_I/F 302. 

Figure 16 is a view given in explanation of a time 
cdiart and format wtien writing scrambler information of 
the example of Figure 21 to magnetic disc 211. 

Uie Write_Data constituting the inf ormatian that is 
recorded ccnprises PLOJSYNC 91, scrarrbler information SCR 
97, DATA 93, BCX: 94 and GAP 95; these are sent fron the 
magnetic disc control circuit. Hie gate signal W3 for 

Q writing is associated with these. Also, scrarnbling is 

Si 

=B applied to the DATA and BOC information by means of the 

Qi scrambler signal in order to scranrible the data. As a 
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result, the PLO_SXNC 91, SCR 97, scrarrtoled DMA 93, 
scrantoled BCX: 94 and GAP 95 are recondBd on the reconding 
mediim. In this case, no scrambling was applied to the 
data of the GAP section, but, if the written pattern is 
kncwn, scrannbling could be applied. 

Figure 17 is a view illustrating a time cihart and 
f ontBt in the case of reproduction of scrambler 
information of the example of Figure 21 f ran a magnetic 
disc. 

Hie PIjO_SYNC 91, SCR 97, DATA 93, BOC 94 and GAP 95 
that are reoarded on the information recording mediixn are 
reproduced in correspondence with a gate signal RG for 

purposes of reading. Signals cor responding to PLO_SYNC 91, 
SCR 97, DATA 93, BCC 94 and GAP 95 appear in the Pre_AMP 
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output, vihidhi is the repaxduction output of the 
reproduction head'. Signal processing is performed on this 
output using a filter or equalizer, and data 
identification is effected by the data identification 
neans. The output of this is the ML output, and this has 
seme delay f rem the Pre_ AMP output to allcw for data 
identification. Data synchronizatian by the data 
synchronization detection means 3 is performed 

concurrently with storage of the ML output in memory (1)2. 
f=% A delay of the order of about one sector is generated for 

kQ data synchronization detection. When data synchronization 

detection is performed reproduced data is output f ran 
memory 1(2). What is output from memory 1(2) is SO^ 97, 
DATA 93 and BCC 94. Code demodulation and descrarrbllng 
are performed on the memory output so that NRZ data is 
output. Hie NRZ data is subjected to BCC error correction 
processing to obtain SCR 97 and DA!IA 93 viiich are output 
as reproduced data. Delay in the amount of about one to 
two sectors is then generated due to this EOC error 
correction processing. 

It should be noted that, althou^, in an exanrple 
\f<hexe a scranibler is employed, PL0J5XNC 91 and EtATA 93 
are not directly adjacent, since SCR 97 is the scra m bler 
of the data, it can be considered as part of DATA 93. 
This can therefore be regarded as an exanple vdiere 
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PIXLSYNC 91 and DATA 93 are adjacent, in the same way as 
the exanrple described in Figure 18. 

Figure 22 illustrates an exarrple of a magnetic disc 
device enplqying a data synciiranization detection 
technique in accordance with this enibodiment . Magnetic 
disc device 201 ooiprises magnetic disc 211, nagnetic 
head 212, R/W AMP 213, HDC 214, microccnputer 223, data 
buffer 215, servo processing ciccuit 216, mechanical 
system driver 217, VCM 218, motor 219 and signal 
processing section 220. Signal processing section 220 
includes signal processing means of oonstrtaction as 
described above or signal processing means of another 
oonstruction according to the present invention, or data 
synchronization detection means of the construction 
described above or data synchronization detection means 
221 of another oonstruction according to the present 
invention. HDC 214 ccmprises an HDC of the constmction 
described above, or an HDC of another construction 
according to the present invention. 

Magnetic disc device 201 of this constructian can be 
Inplemented by a magnetic disc device in \f^hich there are 
few data syndhronis^ation detection errors. Also, imgnetic 
disc device 201 of this construction nakes it possible to 
liipleinent a magnetic disc device in which the f omat 
efficiency of the iragnetlc disc 211 vdiich is the 
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Information reooLrding mediLm is iirproved so that nore 
user data can be stored. 

As descxibed above, with the data synchronization 
detection technique of this aribodirnent, data 
synchronization detection can be realized using the code- 
modulated data itself that is to be recarded/repax>duoed, 
thereby iraking it possible to match the data 
synchronization detection performance with the data 
ic3entification performance. Also, statistical processing 
can be performed using all the ordinary code-mcxaulated 
data. Accurate data synchronization detection can thereby 
be achieved with few errors. 

Also, a data synchronization signal region whidi was 
providBd in a conventional data f onnat is conpletely 
unnecessary, and there is no need to record a data 
synchronization signal even on the information recording 
median such as the magnetic disc 211, so an improved 
format efficiency of the information recording mediim can 
be achieved. 

Althou^ the invention made by the present inventors 
has been described in detail with reference to an 
enixxiiment, the present invention is not restricted to 
the above entoodiment and could of course be altered in 
various woys \f^thout departing from its essence. 

For exanple, althou^, in the above description, a 
magnetic disc device was taken as an exanple in the 
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descxiption of a data synchroriization signal detection 
tecihnique according to the present invention, this could 
alternatively be enployed also in signal processing 
circuits for information processing, integrated cirtxilts, 
magneto-optic disc devices, optical disk devices and 
floppy disk devices. 

Ihe present invention can be used in ocmbination 
with a f ourat for writing a data synchronization signal 
on a recording medivm according to the conventional 
method. Also, infanration recorded in the fonnat produced 
by the conventional method can be reproduced by the 
method of the present invention. 

Althou^ in the description relating to the present 
invention up to this point, the case was described in 
which data synchronization detection was arranged to be 
performed using the data infannatian of a single sector, 
if data synchronization detection is possible using data 
collected at an intermediate point of a sector, 
identification could be performed at that time-point. 

Althou^ the description relating to the present 
invention up to this point was given for the case of 8/9 
code modulation, other code conversions are also possible 
and it could also be ^aplied to coding rates of 16/17, 
32/34, or 64/65 etc. 

^ >art f ron the practical exanples described above, 
the present invention could also be applied to a so- 
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called split sector farmat, in wtiicii the data sector Is 
split by a servo region. 

Data position detection ooiild also be perf omned by 
accessing data in memcxcy after data ptiase detection has 
been achieved. 

The data synchronization detection method of the 
present invention could also be implemented by software 
processing. 

According to the present invention the benefit is 
obtained that, when perfonning data syndhronization 
detection, detection errors can be rednned. 

Also according to the present invention the benefit 
is obtained that the data synchronization detection 
performance can be iirproved corresponding to or exceeding 
Inprovement in reproduction performance of the data 
section. 

Also according to the present invention the benefit 
is obtained that the f omat efficiency of the inf onnation 
recording mediun can be improved. 

Also according to the present invention the benefit 
is obtained that a data synchronization detection device 
with little detection error and an information 
recarding/reproduction device ccnprising this can be 
provided. 
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